For calculation of the single-channel nucleon-nucleon scattering a phase-functions method has been proposed. Using a phase-functions method the following phase shifts of np− scattering numerically for 
INTRODUCTION
Based on the experimentally observed values of the scattering cross-section and energies of transitions we get information about the scattering phases and amplitudes in the first place, than about the wave functions, which are the main object of the research in a standard approach. In other words, not the very wave functions are being observed in the experiment, but their changes caused by the interaction [1, 2] . It is therefore of interest to obtain and use the equations directly connecting the phases and scattering amplitudes with the potential without finding the wave functions.
The precise solution of the scattering problem aiming at calculation of the scattering phase is possible only for individual phenomenological potentials. When realistic potentials are used, the phases of scattering are roughly calculated. This is due to the use of physical approximations or numerical calculation.
In the last 10 years has increased the interest in nucleon-nucleon scattering in the framework of chiral perturbation theory [3, 4] , a coherent theoreticalfield approach [5] , for partial wave analysis below the threshold for formation of the pion [6] . Also phase of scattering get through supersymmetry and factorization [7] , through N/D-method for calculation of partial waves for elastic N N -scattering [8] or renormalisation N N -interaction potential for the chiral twopion exchange [9] .
The methods of solving the Schrödinger equation with the aim of obtaining the scattering phases include: the method of successive approximations, the Born approximation, the phase-functions method (PFM), and others. PFM appeared convenient for solving many tasks of atomic and nuclear physics.
When applied to problems of nucleon-nucleon scattering the main and foremost advantage of PFM is such that PFM allows to obtain the scattering phase, without finding the wave functions as solutions of the Schrödinger equation. Due to a phase equation there is a direct relationship between the scattering phase shift and the interaction potential. This paper deals with the calculation of the phase shifts of np-scattering in the relevant spin configurations for the realistic phenomenological nucleonnucleon potentials Reid68 [10] and Reid93 [11] by using PFM.
THE PHASE-FUNCTIONS METHOD
PFM is a special method to solve the radial Schrödinger equation
which is a second order linear differential equation.
In the formula (1) the value U (r) = 2m h 2 V (r) -is the renormalized interaction potential, m -the reduced mass. PFM it is quite convenient for obtaining scattering phases, because this method does not require calculating radial wave functions of scattering problem in a wide range firstly and then finding these phases by their asymptotics.
The standard method of calculating the scattering phases is a solution of the Schrödinger equation (1) with the asymptotic boundary condition.
PFM is the transition from Schrödinger equation to the equation for the phase function. For that purpose one should change [1, 2] :
(2) The two new introduced functions δ l (r) and A l (r) are the corresponding scattering phases and normalization constants (amplitudes) of wave functions for scattering on a determined sequence of truncated potentials. δ l (r) and A l (r) are called a phase and an amplitude function according to their physical content. The term "phase function" was first used in the paper by Morse and Allis [12] . Equation for phase function with the initial conditions are:
The phase equation was obtained for the first time by Drukarev, and then independently in the works of Bergmann, Calogero and Zemach. A special case of the phase equation (3) at l=0 has been used by Morse and Allis at examination of problem of S-scattering of slow electrons on atoms [12] .
CALCULATIONS OF PHASE SHIFTS AND DISCUSSION OF RESULTS
By the phase-functions method it has been numerically obtained the phase shifts of np-scattering for 
. Phase shifts of np-scattering for Reid93 potential
For the energy range 1...350 MeV there is good agreement between the phase shifts, obtained on the basis of PFM (outcomes of the given paper) and data's in other papers [10, 11] ). The discrepancy between the outcomes makes no more than two percent. It should be noted that in the last 15 years has increased the interest for finding phase shifts at high energies. Unfortunately, in the literature considerably less than the existing calculated phase shifts at high energies for the Reid potentials. But for other potential models are the phase shifts in a wide energy region. So the phase shifts calculated up to 1000 MeV for the nucleon-nucleon models Av18, CD-Bonn and N3LO [14] , as well as for Arndt, OBEP, Bonn, Nijm-3 and Paris [15] . In [16] shows the results of calculations of the phase shifts up to 1.6 GeV for the potentials of the inversion based on SM94, OSBEP, Av18 and Bonn-B. In addition, according to [17] potentials Nijm-1, Nijm-2, Av18 and the quantum inversion Gelfand-Levitan-Marchenko were expanded as NN optical models. And took into account the analysis of phase shifts by Arndt et al. (SP00, FA00, WI00) from 300 MeV to 3 GeV. In [18] the available phase shifts only up to 1000 MeV for 1 F3-state for Nijm-1, Nijm-2, Reid93, Av18 and Bonn potentials, which were extrapolated for high energies.
Besides the results mentioned in the papers, the available phase shifts obtained up to 3 GeV for the relativistic optical model based on the Moscow potential [19] and MYQ2, MYQ3, MY2, SP07 and Graz II potentials [20] , and up to 1.2...3.0 GeV for Dirac potential [21] and up to 1.2 GeV for the inversion potential and the Paris potential [22] .
The difference between the obtained phase shifts 1 F3-state by PFM and to the data in [18] for the Reid93 potential is not more than 5 percent. Eventually the calculated phase shifts for a particular spin configuration at high energies (more 350 MeV) for Reid68 and Reid93 potentials differ in most cases.
If we compare obtained the phase shifts at high energies for Reid potentials by PFM with the data for the other potential models, then obvious difference between them. Of course, this is due to the particular structure of the nucleon-nucleon potentials.
Despite the obvious improvement in the description of the data at energies below 400 MeV, the theoretical calculations so far show some significant systematic shortcomings [22] . In particular, it remains unclear the divergence of the spin observed at momentum transfer below 1 f m −1 . The derivation of such discrepancies with the data could be attributed to the phenomenological limitations of "bare" nucleon-nucleon potential, especially at higher energies, as well as simplifications in the model for the NN effective interaction or to the fact that the optical model potential has been developed only to the lowest order. Above 350...400 MeV differences between the potentials of NN-interaction become more obvious. At energies more than 400 MeV the NN-potentials have applications. Therefore, the evaluation of the theory requires a more precise description of the "bare" interaction between two nucleons.
Along with the phase shifts in the problems of scattering one should deal with the scattering amplitudes, S-matrix elements and a number of other parameters. Based on the known phases of scattering one can obtain the complete amplitude, the full cross-section and the partial scattering amplitude accordingly [1] 
where P l (cos θ) -Legendre polynomials , θ -polar angle. In paper [23] specified the full cross-section scattering, calculated with the phase shifts at energies 1...350 MeV for potentials Nijmegen group (including for Reid93) and Av18 potential. Using the phase shifts at energies up to 350 MeV, the calculated results for the Wolfenstein parameters as a function of angle C.m. and ELAB are given in [24] for PWA and Av18, as in [25] for Reid93 and NijmII.
The calculation results of the full cross-section of npscattering (5) 
CONCLUSIONS
1. The phase-functions method has been used for the first time to calculate np phase shifts for the relevant spin configurations in the interval of energies from 1 MeV to 3 GeV for nucleon-nucleon Reid68 and Reid93 potentials.
2. Numerically obtained phase shifts well agree with the Available results of other papers [6, 7] for the same potentials (the deviation makes no more than five percent).
3. The full cross-section has been calculated using the obtained phase shifts on PFM. This work performed under the grant of the Ministry of Education and Science of Ukraine on the theme of research work of state registration number 0115U001098.
